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Abstract: The implementation of a viable Synthetic Aperture Radar (SAR) mission using small satellites 
faces significant technological and financial challenges, and this paper evaluates how small such a space-
craft could be made whilst still fulfilling a useful mission. SAR offers a range of complementary capabili-
ties alongside other Earth Observation systems with various unique features, but developing such space-
craft has traditionally been expensive and technologically challenging. It is only in the most recent years 
that small satellite SAR missions have been implemented and operated, and this paper examines the state 
of the art and the challenges. Furthermore the opportunities of how small SAR satellites can help realise 
new Earth Observation capabilities not available on existing traditional SAR satellites are described using 
examples of missions under development or  reference design missions. 
1. INTRODUCTION  
Space borne radar systems provide an attractive means to observe the Earth from space 
at times where optical systems cannot be used efficiently, for instance at night time or in 
areas with poor lighting such as over the poles, or in areas with extensive cloud or haze. 
Space borne radar can also be used in some cases to penetrate foliage, soil or water 
which has been exploited for instance in archaeology [1].  Furthermore, radar can also 
provide some information about the properties of the illuminated target that can some-
times not be established through other means, due to the reflection, absorption and scat-
tering characteristics of the target which change with wavelength and polarization. 
The figure below shows that most optical and SAR satellites observe the Earth at some 
very narrowly defined time slots during the day. SAR is not limited to any specific time 
and therefore has the as yet unexploited opportunity for higher temporal resolution. 
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Figure 1. The majority of EO satellites sample at just a few distinct times of day. 
Traditionally such space borne radar systems have required relatively large satellites. 
There are several reasons for this. Firstly, as an active Earth Observation system, the 
amount of Radio Frequency transmission power is high in the kiloWatt range leading to 
designs where that power is provided direct from solar panels. Secondly, spacecraft 
system design tends to drive solutions towards large area antennas. Furthermore up until 
quite recently only major government agencies have developed such spacecraft. Their 
scientific or national needs have driven these missions to serve multiple applications, 
and as the expensive missions must serve all of the user community they include high 
levels of performance or features. Radar spacecraft system designs tend to lead ro 
solutions in 6am-6pm sun-synchronous orbits where the power generation and thermal 
design are most easily dealt with. As there are not many other spacecraft that benefit 
from such an orbit, the only limitation to the size of the SAR spacecraft becomes the 
size of the launch vehicle. 
The table below shows that traditional SAR spacecraft have been “large” satellites with 
masses of around 800-4000kg. Two 300kg spacecraft have been the only small SAR 
spacecraft built by IAI to fit within the Shavit 300kg launch capability. In the past year 
however there have been a number of smaller SAR spacecraft launched, and most new 
systems are proposed as part of a constellation. 
Table 1. A selection of historical SAR missions and their mass 
SAR mission Year Mass (kg) Band  
 
 
ERS-1/2 1991-
1995 
2384 C 
RadarSat-1 1995 2200 C 
SARLupe 2006- 770 X 
ALOS-1 2006 4000 L 
TerraSAR-X 2007 1230 X 
RadarSAT-2 2007 2200 C 
Cosmo-Skymed 2007- 1700 X 
TecSAR 2008 300 X 
Tandem-X 2010 1340 X 
HJ-1c 2012 890 S 
RISAT-1 2012 300 X 
KompSat-5 2013 1400 X 
Sentinel-1a/b 2014/16 2300 C 
ALOS-2 2014 2120 L 
IceEye-1 2018 80 X 
NovaSAR-1 2018 450 S 
Capella 2018 40 X 
RainCube 2018 12 Ka 
Paz 2018 1350 X 
 
In a previous paper the authors considered how small a useful high resolution satellite 
could be made, given there are a combination of technological challenges to overcome, 
as well as some real physical limitations [2]. Similarly, this paper considers the same 
question for a small synthetic aperture radar satellite. There is real relevance to this 
question, in that some applications require high temporal resolution in the first instance, 
before considering any of the other desirable characteristics. An example of that is the 
IceEye-1 mission which was principally aimed at addressing ice thickness monitoring. 
This application requires both high temporal resolution and a good geographic spread of 
measurements, over and above quality of imagery and without needing high area 
coverage. 
1.2 Smallsat SAR reference design 
In order to establish a useful reference point for satellite size comparisons, a low cost 
SAR mission is defined to support disaster monitoring. It is to provide support to 
disaster monitoring with 1m radar imaging, with a minimum capability to image for 1 
minute per orbit in a single polarization, and it must be able to return that data within 
the same orbit. Furthermore, as this relates to a small spacecraft, it must be able to be 
used as part of a constellation to provide high temporal resolution imaging capability 
with global reach. 
The available bandwidth in these bands relates to achievable resolution, with 85Mhz, 
200MHz, 120Mhz, 600Mhz bandwidth being allocated to SAR operation in L, C, S and 
X-band respectively, the only frequency band that can be used to achieve 1m resolution 
is to utilize the SAR frequency allocations at X-band. Based on the design methodology 
described in [3], the rough RF power requirements can be calculated for this small X-
band SAR spacecraft utilising a 3m deployable dish antenna. This illustrates that a 
viable design is possible using 900W RF power.  
Table 2. Concept design for small SAR spacecraft payload 
Resolution 1 m  
 
 
 
Frequency 9.65 GHz 
Orbit altitude 500 Km 
Slant angle 25 deg 
RF Power 900 W 
Duty Cycle 25 % 
System Noise Temp 600 K 
Noise Figure 4.8 dB 
LNA Losses 3 dB 
Antenna area 7 m2 
Antenna efficiency 40 % 
Bandwidth 360 MHz 
0NE(dB) -18 dB 
 
  
2. KEY TRADES IN SMALL SATELLITE SAR 
2.1 Business / Application trades 
The market for SAR data is projected to be worth USD1.6b in revenues by 2027, with 
2018 figures being just over half of that. Typical pricing for SAR data varies from 
around USD85-150/km2 today, falling to around one third of that over the coming 
decade [4]. Using these figures, the current worldwide annual data sales can be 
estimated to be 8 million km2. The value of SAR spacecraft and commercial data 
capacity far outstrips the market. Furthermore, some data is made available for free 
from the Sentinel-1 spacecraft, although the satellite is not available for casual tasking 
requests. 
As such, any new SAR systems must differentiate their services from those currently 
available in order to generate value. Given the broad capabilities and scientific quality 
available from current SAR missions, it is likely that such new systems will need to use 
quite small spacecraft initially, in order to develop a suitable base of users. 
Return-On-Investment from such spacecraft, whether in money or data terms, depends 
strongly on the amount of *useful* data and derived value that can be generated during 
the mission lifetime. Furthermore, many design choices are based on the specific 
application that is served. 
Traditional SAR missions developed by governmental agencies tend to be designed to 
meet highly derived and rigid performance parameters.  Systems designed to support a 
service and a business case may see a more iterative, rather than cascaded flow down, 
type of requirements development. Systems designed for surveillance type applications 
(e.g. security and environmental monitoring) will typically be driven by resolution and 
revisit where object detection and feature extraction, often relating to human activity, is 
required.  Where classification of distributed targets is required (e.g. agricultural and 
environmental assessment) sensitivity and radiometric aspects are more important. 
2.2 Payload Trades 
One of the key choices for any SAR mission is the band of operation. All of the 
microwave bands commonly used for spaceborne SAR will produce imagery that can be 
interpreted by the human eye like optical pictures.  Early applications development used 
whatever data was available and all of the bands can serve most applications to some 
extent.  However, where level 2 data products are derived from level 1 imagery by 
automated means there are differences between bands which may be important 
considerations for systems designed for specific applications.  Shorter wavelength 
allocations support higher bandwidth radar pulses and better resolution images.  Longer 
wavelength allocations have the fortuitous property that backscatter coefficient of 
vegetation varies more significantly with type of vegetation or growth stage.  However, 
as can be seen by equation 2.8.8. of Curlander [5], to maintain a SNR for longer 
wavelengths the aperture of antenna must be increased to mitigate loss of antenna gain 
and reduced backscatter coefficient.      
X-band systems, where greater bandwidth is available is generally used in mapping, 
surveillance and security applications. Longer wavelengths in C, S and L band 
progressively penetrate vegetation, ice, water and soil better, but at coarser resolution. 
These are generally well suited to Maritime, Forestry, and Agriculture applications. It 
has been shown [3] that operation at shorter wavelengths are better for achieving the 
same resolution and quality of image on smaller spacecraft. 
The trades between resolution, receiver bandwidth and look-angle also are complex. 
Considering that low look-angles are desirable in disaster monitoring and most other 
applications, bandwidth above 300MHz as required for achieving 1m resolution is only 
available at X-band. The graph below shows that for look-angles compatible with typi-
cal applications, relatively high receiver bandwidth is required in order to achieve 1m 
resolution. With such high receiver bandwidth, signals must be digitized at high speed, 
implying relatively high power drain during data recorder capture and record operation.  
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Figure 2. Range resolution achieved at different look angles alongside bandwidth re-
quirements 
Ground and airborne SAR systems can operate in Continuous Wave (CW) mode with 
continuous signal transmission and reception. But as the return signal power reduces 
with the fourth power of distance from the target, at some range such CW mode of 
operations becomes impractical as the receiver can no longer be isolated from the 
transmitted signal. As such spaceborne SAR missions tend to operate in pulsed mode. 
The tension between swath and resolution is common to all designs.  It is interesting to 
note the similarity, in terms of resolution/swath combinations, between operating modes 
of different systems. Whereas flexibility in parameters affecting sensitivity offer per-
formance scalability, inherent constraints on geometry and pulse frequency constrain 
the swath/resolution trade space unless high NRE solutions like digital beamforming or 
multi-static sensors are considered.    
There are numerous trades on a SAR payload that require careful selection of frequency 
band, pulse power, pulse repetition frequency, average transmit power, polarisations and 
modes covered, swath, range and azimuth resolution, and quality of data. It is beyond 
the scope of this paper to fully discuss these trades, but some of these parameters have a 
direct effect on the spacecraft design and its size. Those include:- 
 Choice of radar antenna type. dish, phased array, reflector array, slotted wave-
guide, etc, 
 Choice of power amplifier, TWT, SSPA. 
 Choice of principal mode of operation – StripSAR vs Spotlight  
 Choice in support of different polarisations. 
The choice of antenna is complex, and a dish antennas or a planar antennas have both 
been used on missions. Dish antennas are relatively simple and cost effective, and tend 
to have a single transmit/receive feed. This drives to the need for a single power 
amplifier and receiver. One of the disadvantages of dish antennas is that they can limit 
the swath width, and in practice elliptical dish antennas could provide wider swath at 
the cost of complexity. Planar antennas can also be combined with a single 
transmitter/receiver and can be configured to provide both wide swath and good 
resolution in Stripmap mode. If implemented as a phased array these can utilise 
distributed transmit/receive modules and thus provide potential for electronic beam 
steering and various modes of operation. As such these are much more complex and 
lead to a much heavier antenna assembly and spacecraft. Indeed [6] shows that the 
specific antenna weight is one of the key factor in miniaturizing a SAR spacecraft, 
favouring deployable dish and reflector antennas.  
The key enabler for any small launch volume solution is a deployable antenna technolo-
gy.  Stowed reflectors tend to take a cylindrical stowed form whereas the Oxford Space 
Systems wrapped rib solution used by SSTL’s CarbSAR satellite fits into a more 
launcher friendly cuboid volume.  Mesh material surfaces offer the lowest mass which 
is not only important for launch but also has a significant impact on the design and 
power requirements of the attitude control subsystem.  Suitable spaceborne mesh reflec-
tor antenna solutions tend to be circular.  The gain, and hence aperture, requirements for 
a workable system mean that a circular aperture antenna will restrict the swath that can 
be illuminated.  A planar antenna can be implemented in a more modular form suiting a 
rectangular aperture and a more optimised swath.  At the cost of additional mass a pla-
nar antenna also suits a distributed RF feed which can support beam steering and mode 
flexibility. Diving this with a distributed HPA architecture has additional benefits in 
thermal management and redundancy.  However, for a minimal platform designed for 
constellation solutions the inherent low duty cycle per platform and constellation redun-
dancy open another axis in the system design trade space.      
For SAR, the achievable range resolution is independent of the spacecraft height, and 
unambiguous imaging can only be achieved by sideways imaging away from Nadir. 
Range resolution depends on the achievable bandwidth of the receiver (as determined 
by the transmit pulse width). For sub-metre resolution the RF bandwidths required 
imply significant NRE on the design of both digital and RF payload electronics. With 
spaceborne imaging geometry an antenna aperture of several square metres is required 
as a minimum.  Given the simplistic relationship that best stripmap resolution is half the 
antenna length, then for an antenna with sufficient aperture, resolution of the order of 
2m or better usually requires spotlight mode operation.  Spotlight mode operation is not 
only more complex and more costly to implement but inherently suits applications 
targeted at smaller areas rather than wide regional coverage.  
By considering the equation in Table 2 it is also apparent that image quality scales with 
the size of the spacecraft (i.e. not unexpectedly with antenna size and transmit power). 
Like optical imaging, multiple looks can be used to improve image quality, or to 
examine the scene with different polarisations. Support for multiple polarisations can be 
important in a number of applications beyond plain imaging and surveillance, however 
support for multiple polarisations can drive the need for doubling up on some of the 
SAR payload hardware. As such it is possible to make SAR spacecraft smaller if just 
supporting single polarization imagery. 
In summary, the SAR payload cannot be considered in isolation from the spacecraft bus 
for a small spacecraft, as reducing its size and mass drive up the spacecraft power 
demands and bus size and mass. Higher frequency bands are advantageous for making 
smaller SAR spacecraft regardless of the resolution, and operating in a simple single 
polarisation mode is also important. Accepting lower data quality is another area that 
permits the spacecraft to be made smaller. 
2.3 Satellite bus trades 
Several characteristics of a SAR payload affect spacecraft sizing. Principally these are 
the required physical size and mass of the SAR antenna and associated processor, the 
amount of power required and the associated thermal constraints, and the matter of on-
board data storage and data return. Some of these drivers mean that it is unlikely that a 
“standard satellite bus” can be used without modification to accommodate a SAR pay-
load. SAR has particular characteristics which require special attention to the design of 
the bus power system and data handling system. The SAR payload is also likely to dom-
inate the spacecraft shape and physical size which will require careful attention to be 
paid to the attitude control system. Some highly desirable SAR applications such as 
interferometric SAR further drive the guidance, navigation and control system. 
As an active means of remote sensing, SAR requires significant power in the majority 
of mission implementations. In a traditional SAR mission with a single spacecraft, or a 
constellation of spacecraft within the same plane, that power can be taken directly from 
solar arrays as the spacecraft is always in sunlight a favourable 6am-6pm sun-
synchronous orbit. This also provides the opportunity for continuous radiation of excess 
heat to deep space. However when considering constellation missions capable of imag-
ing at different times of day, it must be assumed that the spacecraft will have to cope 
with eclipse and varying sun-beta angle when considering multi-plane constellations. 
Even if eclipse operation were to be avoided, storing power becomes desirable to reduce 
the size of the satellite and solar panels.  
Power generation and storage are always strong drivers on any spacecraft physical size. 
Furthermore, as power conversion to Radio Frequency (RF) power is quite inefficient 
even with modern technology, a significant amount of heat is generated during SAR 
payload operation. As spacecraft become smaller, it becomes more difficult to thermally 
manage a SAR payload. A normal bus power system is unlikely to be able to handle the 
pulsed power nature of a SAR spacecraft, and it necessary to introduce a power han-
dling unit to interface the SAR payload to a typical spacecraft power system. 
As the SAR return signal power reduces with the fourth power of distance from the tar-
get, one obvious way to reduce spacecraft power and hence size would be to fly in a 
lower orbit. Ultimately this requirement must be balanced by the amount of propellant 
required to maintain the spacecraft in the desired orbit during its design lifetime. Con-
ventional propulsion systems are bulky and expensive, whereas electrical propulsion 
systems have much less heritage and would require significant power in order to pro-
vide adequate thrust. For this reason most SAR spacecraft are designed for operation at 
altitudes between 500 and 700km. 
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Figure 3. Power advantage over altitude (relative) 
Thermal management of the spacecraft is another important consideration. Power am-
plifiers such as TWT’s or GaN solid-state power amplifiers have system efficiencies of 
~25% once incorporated into a full payload. Assuming 900W RF power being transmit-
ted with a 25% duty-cycle that means 675W of heat being generated during payload 
operation. In addition data capture and the remainder of the payload are likely to gener-
ate further heat and so it is necessary to get rid of 800W during operation. Given a sim-
ple panel radiator of 30x30cm with an emissivity of 0.92, it is only possible to radiate 
approximately 100W of heat into deep space [7]. As such the radiator and SAR assem-
bly will heat up 7x faster than heat can be dissipated to bring the temperature back 
down, which means 7 minutes of cool-down for every minute of operation. Depending 
on how close the payload is operating to the thermal limits, which depends on specific 
design and sun-beta angle at the time operation, it may be necessary to use heavy ther-
mal heatsinking in order to maintain manageable temperatures. E.g. a 3.5kg Aluminium 
heatsink would increase in temperature by 0.1deg/s [8]. For smaller spacecraft clearly 
the mass of a heatsink and fitting an efficient 30x30cm panel may ultimately become a 
limit in how small a SAR spacecraft can be built given a desired imaging time for each 
orbit. 
The tables below consider an energy budget for a simplistic scenario to help illustrate 
the challenges posed for a small satellite power system. It considers scenarios with SAR 
and downlink operation during either sunlight or during eclipse. The table assumes a 
modest satellite bus power drain which would have to cover all housekeeping operations 
and spacecraft attitude control. The downlink power needs to cover downlinking and 
associated data recorder (which in practice may need to be permanently powered). The 
SAR power needs to take account both of the imaging as well as the associated data 
capture. 
Table 3. Energy in – per orbit 
Solar Array Power 120 W 
Eclipse period 30 Min 
Sunlight period 70 Min 
Energy generated 140 Wh per orbit 
SAR power drain 1.0 kW 
SAR duty cycle 1 min/orbit 
Satellite bus drain 60 W 
Downlink drain 120 W 
Downlink duty cycle 10 min/orbit 
 
Table 4 – Energy out – per orbit 
 Sunlight operation Eclipse operation  
 Sunlight Eclipse Sunlight Eclipse  
Bus 70 30 70 30 Wh 
SAR 17 0 0 17 Wh 
Downlink 20 0 0 20 Wh 
Battery use 67* 30 - 67 Wh 
Energy out 137 Wh per orbit 
* For 1 minute of SAR and 10 minutes of downlinking, as in each case power drain temporarily exceeds power generation. 
The scenario illustrated in the tables below roughly balances the power-in/power out for 
operating the SAR payload and downlink for 1 minute per orbit. It is clear that should 
the duty cycle be increased, initially it will start driving up the size of the solar panel 
area and mass, and the battery capacity and mass. Also as the operational duty cycle 
goes up, the power drain of the bus becomes less significant and the payload becomes 
the design driver. In addition the tables show the need for careful battery design, with 
potentially multiple charge/discharge cycles for each SAR imaging, downlinking or 
eclipse event.  Assuming a typical 25% DOD for the battery, a 280Wh Battery would be 
required (~2kg, 1 litre volume).  
It is also worth examining the solar array area and mass required for this scenario. To 
generate 140Wh per orbit, 120W of solar array power is a minimum requirement (2 off 
35x60cm wings weighing 1kg). In practice larger arrays will be required to cope with 
varying beta angles experienced in constellations that can image at different times of 
day. Inefficient “fixed” orientation arrays may need to be three times bigger. 
In order to determine the effect of data volume on the spacecraft size, data generation 
must be examined. If we assume I/Q sampling to just 8 bits per sample across a 5km 
swath width, instrument data rates reach around 560Mbps, generating 4Gbytes over 1 
minute of operation. To downlink this in the same orbit, an 80Mbps X-band downlink 
would be required as illustrated in the data budget below. Reception in two polarisations 
would double the data rates generated and would require doubling of the downlink data 
rate. The only impact on spacecraft size would be in the inclusion of the extra receive 
chain. Typical downlink data rates of hundreds of Mbps need a medium gain steerable 
antenna, accommodation of which on a small platform can be problematic.   
Table 5 Data budget 
Data Generation Data Downlinking 
Ground velocity (500km) 7071 m/s Downlink rate 80Mbps 
8 bits (I+Q) 1m over 5km swath 70.71 Msamples/m Protocol Efficiency 80% 
Data rate 546Mbps   
Payload duty cycle 1 min Pass time 10 min 
Data generated 4.1 GBytes Data received 4.7 GBytes 
 
In practical systems lifetime and reliability are also key factors. Adding simple bus re-
dundancy can dramatically increase achievable lifetime for relatively little cost. Such 
trades become important in applications where return on investment is more important 
than simply minimising capital expenditure.  
In summary, the satellite bus can be made smaller by limiting the spacecraft operational 
duty cycle, which limits the demand on solar panel area, battery capacity, and payload 
data recorder and downlink chain hardware.  
3. WORKED EXAMPLES 
Various small SAR spacecraft designs have been published in recent years including a 
at the previous IAA conference on small satellites for EO [3, 9]. Also recently 
RainCube [10] has demonstrated a 12kg radar satellite focused on precipitation 
measurement. 
NovaSAR, and CarbSAR are two examples of how application trades affect a SAR 
spacecraft design.  
3.1 NovaSAR 
At the time of the NovaSAR project was started, it was the smallest SAR satellite 
planned to be economically sustainable in addressing commercial services [11]. In order 
to address a range of applications, the spacecraft was designed to operate in an uncon-
ventional SSO 10:30 orbit, utilise S-band, includes an AIS receiver, and implements a 
number of modes including quad-polar capability. Although it can be used as a stand-
alone spacecraft, it is designed with operation in constellations in mind. The applica-
tions considered having commercial value minimized include (1) Ship detection and 
tracking (2) Oil spill monitoring, (3) Forestry management, (4) Resource monitoring, 
(5)  Border monitoring, (6) Disaster management, (7) Land use and agriculture map-
ping, (8) Rice monitoring and (9) Soil moisture. 
 
Key factors in making NovaSAR possible have been to leverage the latest high-
efficiency semiconductors to reduce the needed on-board power, the choice of S-band 
as the transmission band, and the approach to defining modes of operation to serve a 
range of applications. Coupled with this, NovaSAR-1 was the first to include AIS with-
in the radar spacecraft design, and employs a novel funding model allowing geograph-
ically disparate users to each act as owner-operator sharing the mission costs 
 NovaSAR- was launched in September 2018 after a minimum number of users had been 
secured, and first sample images have been published. It is being taken into full opera-
tion during 2019 with a small number of users sharing the full satellite capacity. The 
performance figures and modes are tabulated below.  
 
Table 6. 
Parameter Value 
Imaging frequency band 3.1-3.3 GHz 
SAR Antenna Microstrip patch phased array (3x1 m) 
No. of phase centres 18 
Peak RF power 1.8 kW 
Polarisations HH, HV, VH, VV 
Imaging polarisation Single, dual, tri or quad-polar  
AIS Antenna 2 orthogonal mounted monopole antennas per receiver 
Design life for operations 7 years 
Design Mass <440 kg 
Optimum orbit 580 km SSO (LTAN 10:30) 
Propulsion system Xenon 
Payload data memory 2xHSDR (32 GBytes) + 2xFMMU (512 Gbytes) 
Downlink rate 500 Mbps 
TT&C frequency band S-band (2025-2110 MHz, 2200-2290 MHz) 
Downlink frequency band X-band (8.025-8.4 GHz) 
 
Table 7. 
Mode Ground range 
resolution 
Incidence 
angles 
Swath width 
(across 
track) 
Sensitivity 
(NESZ) 
Azimuth ambi-
guity ratio 
(DTAR) 
Range ambigui-
ty ratio (DTAR) 
No. of 
looks 
0 Calibration N/A N/A N/A N/A N/A N/A N/A 
1a ScanSAR 20m 15.8-25.38° 100 km <-18.5 dB <-17 dB <-17 dB 4 
1b ScanSAR 20m 25-29.4° 50 km <-20 dB <-17.5 dB <-16.5 dB 4 
2 Maritime 6m range 
13.7m azi-
muth 
34.5-57.3° 400 km <-11.4dB N/A <-18 dB 1 
3a Stripmap 6m 16-25.38° 20 km <-19.5 dB <-20 dB <-18 dB 3 
3b Stripmap 6m 21.83-31.2° 13-20 km <-18.5 dB <-17 dB <-16.5 dB 3 
3c Stripmap 10m 13.4-27.4o 20km <-19 dB <-15dB <-15dB 5 
4a ScanSAR 
Wide 
30m 14-27.39° 140 km <-19 dB <-17 dB <-15.5 dB 4 
4b ScanSAR 
Wide 
30m 27.35-
32.01° 
55 km <-19.5 dB <-17.5 dB <-15.5 dB 4 
 
NovaSAR was designed to a budget which did not include development of a deployable 
antenna technology.  It was not designed solely for constellations so a single satellite is 
designed to provide sufficient utility to justify the required investment.  Although not as 
small as some small satellite SAR concepts that have followed, careful trading of imag-
ing performance against other system parameters resulted in a relatively small aperture 
payload antenna.  This enabled an innovative spacecraft design with the payload anten-
na integrated into the structure.  The small dimensions of the antenna also helped to 
mitigate concerns like thermos-elastic stability.   
Figure 4. NovaSAR in antenna test chamber at Airbus 
 
 
Figure 5abc. NovaSAR multi-polar images Mississippi Delta and gulf of Mexico (left), 
Suez Canal and red Sea (Right), and Cape of Good Hope (bottom) 
 
 
 
3.2 CarbSAR 
CarbSAR is an SSTL concept for an ultra-low cost SAR satellite intended for operation 
in SAR or mixed Earth Observation constellations, providing very high across relatively 
small scenes. CarbSAR utilises the platform heritage of the Carbonite optical satellite 
series and combines it with an innovative deployable X-band SAR antenna and payload. 
Although capable of stripmap operation its primary utility is anticipated to come from 
sub-metre resolution repeat visit applications.   
Table 8. CarbSAR specifications 
 
Parameter Specification  
 
 
GSD 0.5m 
Swath 4km 
Spectral bands X-Band (9.6GHz) 
Throughput 180GByte per day 
45 spotlight mode images per day 
 
Parameter Specification 
Reference orbit 525km SSO with 10:30 LTAN 
Mission lifetime 5 Years 
Launch mass 140kg 
Data storage 120GByte 
Downlink 500Mbps 
 
 
 
4 CONCLUSIONS 
As SAR systems become more popular with commercial companies supporting data 
analytics applications, there is significant room for a variety of systems that utilize small 
SAR spacecraft in order to address some specific markets. These system require low-
cost SAR systems with payload characteristics matched to the specific market, rather 
than the general purpose SAR spacecraft launched under some national and space agen-
cy projects. Such small SAR spacecraft may need to be deployed into multi-plane con-
stellations in order to observe targets at different times of the day. 
It has been shown that the design of small SAR spacecraft is highly complex, and also 
challenging based on payload requirements and how those drive the spacecraft design. 
Although the physical limitations do not preclude the potential for microsatellite class 
(10-100kg) SAR spacecraft, the real questions is why you would develop those. Dou-
bling the orbital duty cycle of a SAR spacecraft cycle does not double the size and cost 
of the overall spacecraft, and as such the only rationale for reducing the size of the 
spacecraft would be if working to a fixed budget, or in implementing a multi-satellite 
constellation. 
The SAR payload itself drives spacecraft cost and size, and use of higher frequency 
bands, low mass density antennas, and limiting operational duty cycle are necessary. 
There are design compromises between bus solar array size and payload antenna size 
which limit spacecraft miniaturisation. Thermal design can also ultimately limit what is 
possible on smaller spacecraft if operational duty cycle is not restricted. It may also be 
necessary to limit either the image quality or the achievable resolution. As a result a 
good understanding of how the data will be used is required by the mission designer. 
Using an “off-the-shelf” bus to host a radar spacecraft is generally problematic, and 
most standard bus designs would require some modification to account for the specific 
power and attitude control imposed by a SAR payload. Furthermore, doubling the or-
bital duty cycle does not double the size and cost of the overall spacecraft, and as such 
the only rationale for reducing the size of the spacecraft would be if working to a fixed 
budget, or in implementing a multi-satellite constellation. 
NovaSAR, and its follow-on SAR concept CarbSAR address two particular variants of 
small SAR spacecraft addressing very specific applications, and have been presented as 
examples of how small SAR missions can help address specific markets and end-users. 
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